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TH3 COUPLING PERIODS OF SUBSTITUTED PHENYL-DIAZO
COIiPOUNDS V/ITH DIMETHYL ANILINE
The Problem
In preparing azo dyes, certain amines are first diazotized
to give diazo compounds -which in turn can be reacted -with some amines
or hydroxy compoxmds, usually called coupling components, to give
respective dye-stuffs. Reactions of the former type are called
diazotization reactions, and reactions of the latter type are called
coupling reactions, A typical example of these two types of reactions
is the preparation of ohrysoidine, a yellow mono-azo dye, from phenyl-
diazoniijm chloride and phenylene-diamine :
Diazotization reaction -> ^hci ^. h^o
tjH.
Coupling reaction
The work of this thesis -was carried out to evaluate the
ease of coupling of a nxmiber of substituted phenyl-diazo compounds,
and thereby to establish a series of these compounds with graded
coupling periods. Coupling periods can be defined as the time required
from the beginning to the end of the coupling reactions.
These coupling periods in specified conditions are usually
referred to by industrial chemists as the ” relative strengths ” of
these diazo compoxmds. Thus, diazotized mono-nitro and dinitro anilines
are usually said to be ” stronger ” diazo compounds than those pre-
pared from mono-chloro and di-ohloro anilines respectively, since
less tim.e is necessary for the completion ( see p, 7 ) of -their
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coupling reactions. As a matter of fact, the term " relative strengths"
which expresses the coupling periods of a series of diazo compounds
is used purely for convenience and for comparison. The strengths of
diazO compomds are said to be relative, because coupling periods
var/ Turith the reacting conditions, and fixed conditions must be
specified for comparative results.
With the aid of the above statements, it may be understood
that this investigation will furnish the relative strengths of a
series of diazo compovinds, as measured by their respective coupling
periods under specified conditions. Future v/ork is planned to study
the " relative strengths " of some coupling components by determining
their coupling periods with each of these graded diazo compounds. With
the pre -determined strength of these latter compounds, we can in turn
correlate the " relative strengths " of the coupling components.
The aocimulation of data, as obtained by the above procedures,
will be very valuable in an atter^jt to determine the mechanism of
coupling reactions, which have been developed to such an extent that
mechanisms as previously proposed are no longer found to be adequate
for satisfactory explanations.
The present work has been merely the first step in the accu-
mulation of the necessary data.
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Historical
A survery of the literature reveals that systematic estima-
[
I
tion of the coupling periods of substituted phenyl-diazo compoxmds
|j
as planned for the present investigation, has not been carried out by
j
j
any of the previous workers in this field*
j
Otheri investigators have been much interested in measuring cou^li-^8
capacities in terms of their specific reaction rates* xhus, Goldschmidt^
and his associates have measured the rate cf formation of methyl
orange from dimethyl aniline and p-diazo-benzene sulfonic acid. They '|
kept the reacting substances at a constant temperature, and withdrew '
aliquot portions at given intervals of time. The aqiount of unaltered
diazo compound was measured by the nitrogen evolved, when the solution
I
I
was acidified and subsequently heated* Veley has devised a tinctoma-
tic method by which the rate of formation of certain azo compounds can
be measured by estimating the amount of dye-stuff formed per imit
time*
A more recent contribution on this phase of the problem is
3the investigation as carried out by Conant and Peterson * xhey
have measured oolorimetrically the rate of reaction of five diazotized
j
amines with certain phenols and naphthols in buffer solutions of i
constant ionic strength. Over a wide range of concentrations, the
reaction corresponds to that calculated by the bi-molecular equation.
Un'^r the conditions investigated, they have shown that the rate of
coupling is a simple function of the hydrogen ion activity of the
buffer solutions. Purely for simplicity they assigned to each pair
1. Goldschmidt : Ber. 1902, 35. 3534.
2. Veley : J.C.S. 95, 1186, 1909.
3. Conant and Peterson : J.A.C.S. 52, 1220, 1930.
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1of diazo and coupling components they investigated certain empirical
|
constants as " coupling values ” tdiich can be defined as the pH at which
log K s. 1.
A careful examination of their investigation will however
reveal the fact that although their conclusions and assignment of
coupling values are justifiable from the data obtsdned, it is not
complete, since it was also observed that coupling was a function of
werK
the constitution of the reacting components. This latter part of thesis
not thoroughly defined, and at the best, one is led to believe that
the rate of reaction of a diazo conpoxmd is a function only of the
j
nature of the phenols used.
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5Outline of study
} In the present connection, work has been planned to study
the coupling periods of several diazo compounds with the same coupling
component in a solution of definite acidity so that results can be
correlated on a comparative basis. Fhenyl-diazo compotmds with differ-
ent substituent groups have been used; and in order to account for
j
the effect of the positions of these different substituent groups,
|
isomeric ocanpo\mds have been chosen for this work. The compounds
selected for this investigation include diazo derivatives of ortho,
I
meta, para, mono-nitro and mono-chloro anilines, as well as the iso-
j
I
meric compoxmds of di-nitro and di-chloro anilines.
The coupling periods have been measured by coupling each
one of these substituted phenyl-diazo compounds with dimethyl aniline
as a standard. The use of dimethylaniline as a standard coupling
component is four-fold : First, it can bo easily obtained and purified.
Secondly, it is widely used as a coupling component. Thirdly, its
coupling reactions with substituted phenyl-diazo compoxmds are practi-
cally quantitative and are free from c Duplications due to side reactions.
|
In the fourth place, the reaction with most diazo compoimds proceeds
|
readily. !
With regard to the preparation of certain substituted phenyl-
diazo compounds, special technique must be used, and consequently, two
I separate laboratory procedures have been employed. Mono-nitro and mono-
chloro derivatives are rather easily obtained by diazotization of
their respective amines \ander ordinary conditions as generally met
!
I
I
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in cases of this sort; e,g. diazotization with 2 N.HCl and sodivm
0
nitrite at 5 C. On the other hand, the diazotization of dinitro-anilines
is rather difficult xmless effected by concentrated sulfuric acid and
sodium nitrite, ( nitrosyl-sulfuric acid
_) at a temperature slightly
above room temperature
^
30*- 40* C ). Diohloro anilines can be diazo-
tized with a 20 ^ solution of HCl and the appropriate amounts of
sodium nitrite.
In order to connect up these two separate sub-series, bridge
compounds such as nitro-chloro-anilines have been used. The latter
have been diazotized under both conditions, and thereby served as a
linkage to bind together these tv^ sub-series on a comparative basis*
Furthermore, in order to eliminate possible errors which might arise
if comparisons of coupling periods were made with solutions of differ-
ent acidities, the acidity of these diazo solutions of dichloro and
dinitro derivatives has been reduced to the same value as that of
mono-chloro and mono-nitro derivatives, by neutralizing the excess acid
with appropriate amounts of base, before the coupling reaction was
started,
it might also be stated here that excess sodium nitrite
was used to insure complete diazotization, and it v/as decomposed by
the addition of urea before coupling.
After the amines were diazotized and diazo compounds formed,
the solutions were clarified by neutral charcoal to eliminate any
diazo-amino bodies which might be present. Then the solutions were
filtered, made up to the same volvune, same acidity, and coupled with
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brji o'toX.’oib 1o anoi y/oe orsib aseKd lo d/io
1o Tfl/Ij- Sis i\^aa ©xld od r>eoLrbG‘: need eari aevi.vxsritafc ot^inib
bxr)(> seecjcj edr- ^nisiXandwen |.d taovidaTiiab otv+f bji .h o*ioX<'c-c?ron
;:aiT noidoaoi ,-.r:iIqt;c£> yad eioleJ «8a»d lo aci.vonje
b edri^J 2
tw f'jdi:: v.'iboc saocxe d«r'd eieH uodade ? ' oaXa dj^^xtc di
tcf beijoqinoo©?; agaw di boa »"oidasxdosai5 edoXqnroo eiyar.i od heev aim
i
.'fttXqyoc '“olecf eoiy lo fro:> ">bja odd
.berrvcl abry;ocfiicc osfiib tr:* cesidcsaii) ete^f abnlirr^s Cs-d ledlA
vn.*; ed^ . ffLfXo od iaco-uario iridrea ^^d bie-A "xioid./Xoa crfd
©•Jew snoxd«Xo& odd .drreapiq etf dr^gir. doi'-*'- ^.ibod or.ir.t^-'^saib
adiw belqwco ban ^v,- Lbloc erraa ^am^Znv e.y»£ add cd cy ^be-redlil
a known excess { 5 % ) of dimethyl aniline at a constant temperature
^
25 C )• Excess dimethyl aniline was used to insure complete coupling,
and since equal amounts of excess were added in different baths, the
relative coupling periods would remain constant.
ihe progress of the coupling reaction was easily followed
by spotting the solution from time to time on a piece of filter paper,
wetted with a solution of alkaline H-aoid. As long as any diazo com-
pound was present, an immediate red coloration appeared at the jtincture
of the two solutions. At the end of the reaction, vdien all of the
diazo ov^mpound had been coupled, no color was obtained.
The sensitivity of alkaline H-aoid as an indicator for
diazo compoxmds has been estimated. A standard solution of 0.05 N.
p-diazo -benzene sulfonic acid v/as prepared. On continual dilution
and subsequent tests with alkaline H-acid, it was finally shown that
alkaline H-acid was sensitive to the diazo compound for .002 g. in
500 mis. of solvent, ihis corresponds to one part of dia^o compoxmd
to 250,000 parts of solvent; or, in other words, the end points as rea-
ched by alkaline H-acid represented at least 99.996 % of the total
extent of coupling reactions.
ihe coupling periods have been recorded as the time from
the beginning to the end of the coupling reactions.
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Experimental ^
Preparation and ifOirifioation of Substituted Anilines
1
The author wishes to express his appreciation of the fact
I
that all of 'the amines under investigation were generously supplied
by the E.I.du Pont de Nemours & Co. Since some of the compoxmds were
technical products, purifications were made in each case by either
recrystallization or fractionation \mtil definite melting points or
boiling points were obtained.
Mono-nitro anilines were reorystallized from alcohol. The
C c
following constants were obtained : o-nitro-aniline M.P. 71.5 - 72 C.,
m-nitro-aniline M.P. 113*6 - 114 C., p-nitro-aniline M.P. 145 - 146 C.
,
I
o-chloro and m-chloro anilines were purified by fractionation;
j
while p-chloro-aniline was recrystallized from hot ’.mter. The constants
j
o'
were ; o-chloro-aniline B.P. 210 - 211 C., ra-chloro-aniline B.P. 230-
231* C., p-chloro-sniline M.P. 230*5°- 231.C.
Chloro-nitro-anilines were recrystallized from alcohol, xhe
o ^
constants were ; o-nitro-p-chloro-aniline M.P. 114*5 - 115 C., p-nitro-
j
o-chloro-aniline M.P. 104*’- 104*2* C*
j
I
2,4-dini oro-aniline ms recrystallized from alcohol. The !
M.P. was 187.5*- 188* C.
Dichloro-anilines were recrystallized from ligroin. The
following constants were obtained : 2,4-dichloro-aniline M.P. 63 - 63.2 0*
3,4-dichloro-aniline M.P. 71° - 72° C*
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9A Review of Some Preliminary Experiments
1* Effect of Stirring
In order to estimate approximately the effect of stirring
upon the coupling periods, three stirrers of varying speed -svere set
up. YiTith these, three samples of o-nitro-aniline ivere diazotized and
coupled to equal amotmts of dimethyl aniline according to procedure I
( cf. p. I * ) . As the following results showed ( Table I ),
Table I
Effect of Stirring upon the Coupling period of o-Nitro-Phenyl
-
diazo Chloride with Dimethyl aniline.
Note ; 0.1 mole of o-nitro aniline v/as diazotized T.7ith 200 mis. water
128*2 mis. 1*95 HCl ( =0= 0.25 mole ) and 0*1 mole of Na NO2
dissolved in 50 mis.water. The resulting diazo compound was
coupled to 0*105 mole of dimethyl aniline at 23"- 25‘’C.
Quick Stirring Medium Stirring Slow Stirring
(about 606 R.t’.M. ) (about 250 R.P.M. ) (about ToO R.P*]II.)
Coupling Period 1 hr. 1 hr* 20 mins. 2 hrs.
the speed of stirring in diazotization and coupling needed careful
control, because it effected the respective coupling periods and was
important from the point of view of occlusion of solid dye-stuff formed
in the coupling baths. For later experiments, adjustments have been
made so that the speed of stirring in various baths vas 300 R.P.M*
,
with a deviation ofl5 R.P.M*
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2, Effect of Temperature
This effect was observed "when two series of runs vrere carried
out in different room temperatures. Table II shows the Coupling periods
at these two temperature.
Table II
|
Effect of Temperature upon the Coupling Periods of substituted
Phenyl-diazo Compounds with Dimethyl aniline.
Note : 0.1 mole of amine was diazotized with 200 mis. water, 128.2 dils.t
1.95'*HC1 ( =0= 0.25 mole ) and 0.1 mole of NaN02 dissolved in
50 mis. v^ater. The resulting diazo soulution was not filtered,
but coupled to 0.105 mole of dimethyl aniline .
Coupling Periods
Temp. 25^25.5 'C.
o-nitro-phenyl -diazo-chloride
m-nitro-phenyi-diazo-chloride
p-nitro-phenyl-diazo-chloride
50 mins.
2 hrs. 15 mins.
3 hrs. 35 mins.
Temp. IT'-IS^C.
3 hrs.
5 hrs. 10 mins.
6 hrs. 20 mins.
The effect of temperature upon the coupling reactions was
tremendous. Evidently, when the temperature was decreased, the coupling
periods were greatly lengthened. For later determinations, a water-bath
has been used to keep the temperature of the coupling bath as near 25*C.
as possible with a deviation of il C.
I
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3. Effect of the Amount of Acid Present in the Coupling Bath
It is a cormon knowledge that reaction velocity varies with
j
!
medium. This comparison of the amount of acid present in the coupling
j
i
bath was carried out to estimate the effect of the varying acidities. !
Table III shows some of the comparisons at 20*^0 . I
I
I
Table III
Effect of the Amount of Acid Present upon the Coupling Periods
of substituted Phenyl-diazo Compounds with Dimethyl aniline.
Note : In each case, 0,1 mole of amine was used, appropriate amounts !
of HCl added, and diazotized with 0,1 mole of NaN02 dissolved
|
in 50 mis. water. The diazo solution was not filtered.
j
Coupled to 0,105 mole of dimethyl aniline as usual. Temp BO'C.
I
Volume constant s 500 mis,
i
Acidity I Acidity II
128,2 mis. 1,95 N HCl 256.4 cc. 1,95 H.Hdl
( ^ 0.25 mole ) ( ^ O.SO mole )
m-nitro-phenyl-diazo chloride 2 hrs. 15 rains. 2 hrs, 30 mins.
p-nitro-phenyl-diazo
-chloride 4 hrs, 40 mins. 4 hrs, 45 mins.
The variation of the amount of acid present v/as thus shown
to produce but a very slight effect on the length the coupling period.
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4* Effect of Different Dilutions of the Same Amoimt of Acid Present
in the Coupling 5ath»
Another series of experiments was carried out to estimate
the dilution factor of the amovuit of acid present. From Table IV., as
shown below, the results indicated that a moderate change in the
dilution of the acid produced but a very slight change in the length
of the coupling period.
i|Table IV.
Effect of Different Dilutions of the Same Amount of Acid Pre-
sent upon the Coupling Periods of substituted Phenyl-diazo
Compounds with Dimethyl aniline.
Note ; In each case, 0.1 mole of amine was diazotized with 200 mis.
water, 128.2 mis. 1.95 N.HCl (^o,25 mole), and o.l mole
,
NaNOg dissolved in 50'ials. water. The resiilting diazo solutions'
were not filtered, but the volijmes were made up according to
|
the fallowing dilutions. Coupled to 0.105 mole of Dimethyl
aniline as usual; Temp. 20" C. .AmoTnit of acid constant.
[
Dilution I
Vol.' before coupling
500 mis.
Dilution II
Vol. before coupl inj
;
800 mis.
m-nitro-phenyl-diazo chloride 2 hrs. 15 mins. 2 hrs. 20 mins,
p-nitro-phenyl-diazo chloride 4 hrs. 40 mins. 4 hrs. 50 mins.
-•rr^UviTl b. a^ioic^t/JKI &UL -rsJ’itQ ‘lo (fcuT^
.
•
« sai'Iqro'ir'cVTTu
ov* ;J-i;c bs.iiii3o sjbw 8-^;xeiVIi^eqx'.* Ito eej-ies TSff-To/T-.
?-i;
,
. . -‘ItfsT oicvi ,J-froB9f .- 5ic.c “io &rjJonQ 9:if 'l.-fc&crA cfoi:f; Jib ei::^
rtx e:^/5X9f;crt :u S-Vcicri 3cMx»e©'T arfr
, .;ciocf mrcJa
f
•wSc^I <55j> ;u ^iC-r'i/e xfiov ;5 boDobo'rc Vic» 9ii:r '*o nciJuIib
"rriqyoo fenJ lo
jri -
“
- i bxoA druso/nii. f>a&c *1
. ajcicic'crJiQ d’Xte’ie'i^x'.’' lo ctoo'i’ '”
OT.&U-Iy:x^t:\ no:S;*:.h dire lo al'O'xaq 5<ixXci/0^)
.-di’- .Tcq;; rrj^-!*
fydbeiriC dbiw af n.'. '- L cc
.513 OO: ucfiy beai.J^s^?
!^ :;«w Ic Mott J. . ,-. 8^30 -Ofi*. ;tislow I. , bnr. elof^ «S.o-<^) JOH.r iO. :
.ajja ' .'SI ,7<'.JAr.'iioWoIoa oafi^b :u:idii;8'x <»riT .' eiJ/jy/ . ;.x Oa ai novloaoib
.u-i -J
o& ^nJ:b-:ooofi^qu oiiBm eisw 00:^3 iov erfcJ j^rd
» .-idj'Ii'i d-oa^' v-
I’/ridtST.iu ':o sloo 5CJ.0 3j“ bslqro:;
.Gy:oi.+aXib '^fr^\roJi^^ ’
.Xsaal: j,-.
: V o'
II ry : +f r •/'
? f,
fi’ox i-riu
u'xoc
^ Toy juTif- xyoT^voTor^Ioy
• XT '.Xi^
:^Lt{n C r
.
•"»' S
« u.::itTr
''3
.elax CX/fl
•
- Ti trr jX • iii S
• axiics tB’id
abiacJ /.
0
o“ "i';-fyufcr’’ -0 *
-ic
sbiTpJj'.o i, “ Jvnexfi ' ~''xX'
/'
- 13 -
5. Effect of Dlazo-amino Compound Formation during diazotization
As we generally knov^-, diazo-compounds when they are first
diazotized will react with the undiazotized amines to form diazo-amino
compounds as side-products; thus
R-NgCl + R-NH2 R-N = N-NH-R + HCl
Since it has been the aim of this work to measure the coupling periods
of diazo compoTonds, and not the side product, the formation of such
diazo-amino compounds would effect the percentage yield of the actual
diazo compounds, and hence the coupling periods of these latter
compotinds with dimethyl aniline would also be affected. For this
reason, it was planned right at the start to carry out these coupling
reactions in a fairly strong acidic medium, in -vdiich this side-reaction
can be eliminated to a great extent, because it is reversible, and
the reverse reaction is favored in a more strongly acid medium*
Although due consideration had been taken of the factors
already discussed, some preliminary runs did not check with each other.
It v/as natural, then, to study the extent of this side-reaction and
also the effect of the presence of the diazo-amino compound on the
coupling period.
After repeated determinations, it was finally observed that
during the diazotization, a small amotint of diazo-amino compound was
formed. In these cases, some floculent precipitate appeared after
diazotization. In the case of m-nitro-aniline, this precipitate was
filtered off and completely washed. A very small portion of it was
dried carefully ( dry diazo-amino compovind is also explosive ) and
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the melting point taken. The melting point was 160*
-163‘’C, shov.T.ng
that the precipitate after diazotization v/as a mixture of undiazotized
m-nitro-aniline ( pure m-nitro-aniline M.P, 114*0 ) and the correspond-
ing diazo-am^’no compoxmd ( pure M.P. 194’ c). The diazo-
amino compound was obtained by extracting the precipitate with acetone
and subsequent precipitation with water. It was purified by redissolv-
|
i
ing in acetone and precipitation vdth water. The product obtained
j
had the melting point 193*- 194^0. On the other hand, the residue
|
after acetone extraction contained some impurities together with a trace
of undiazotized m-nitro-aniline, •v^dlich was obtained by extracting the
1
residue with alcohol and subsequent precipitation with water. It was
also purified by redissolving in alcohol and precipitation with water.
^ c
The product had the melting point 113 - 114 C.
It might also be stated here that the precipitates formed
in solution after diazotization were first suspected to contain also
some of the diazo compound. But it was shown that the precipitates,
after complete washing, did not give a color test with H-acid. This
indicated very clearly that they were free from diazo compovmds.
All diazo compoimds are soluble in water, with the exception of those
amines which have sulphonic acid groups as substituents.
Since the amoxints of these diazo-amino bodies were small,
the next logical step to be taken was to ascertain whether or not the
presence of them would effect the coupling periods of the normal diazo
compounds. In Table V., two cases were set up. In one case, the amines
was diazotized and coupled to dimethyl aniline in accordance -with the
I
procedure as taken in previous experiments. In another, the amine was
- -
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diazotized as usual. but the diazo solution was clarified vath charcoal i
I
as an adsorbing agent and filtered; then the filtered solution was
used for coupling with dimethyl aniline.
Table V.
Effect of Diazo-amino compound Formation upon the Coupling
;
Periods of substituted Phenyl-diazo Compounds with
Dimethyl aniline.
Note : In each case, 0,1 mole amine was diazotized with 200 mis, water,
128*2 mis, of 1,95 N,HC1 (^=^>=-0,25 mole ) and 0,1 mole NaN02 i
dissolved in 50 mis, water. In case I, the diazo solution vms
coupled to Dimethyl aniline as usual. In case II, the diazo
j
solution was clarified with neutral charcoal and filtered;
then the filtered solution was coupled with Dimethyl aniline.
o-nitro-phenyl diazo
m-nitro-phenyl-diazo
p-nitro-phenyl-diazo
Unfiltered diazo solu.
chloride
chloride
chloride
50 mins,
2 hrs, 15 mins,
3 hrs, 35 mins.
filtered diazo sol
35 mins,
2 hrs,
I
2 hrs, 30 mins.
u.
An inspection of the above coupling periods at once reveals
that the presence of diazo-amino bodies lengthened the coupling periods
'
of diazo compoimds, and they should be filtered off with neutral char-
|
!
coal. This consideration was neglected in previous rms,
j
j
I
I
I
i
^
.
I
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6. Technique Involved in Diazotizing the Amines
In considering the diazo-amino compound formation in coupling
baths, we can say that it was due to the incompleteness of diazotization
And since the amines v/ere not completely diazotized, a very small per-
centage of them must be unconverted which reacted subsequently with the
already transformed diazo compoimds to form diazo-amino bodies.
Later determinations were carried out with the use of excess
NaNO.p ( 0,102 mole of NaN02 to 0,1 mole of amine ), This was to insure
that all of the amine was diazotized. Excess nitrite in the diazo
solution vms later removed by adding a concentrated solution of urea,
one drop at a time until no trace of nitrous acid could be detected
by Kl-starch paper. The use of urea to remove the nitrite in excess
was in accordance with -the following equation ;
2 HONO + oc: 'NH2
'NH2
2 Ng + COg 3 HgO
The diazo solution ivas not Effected during the above process, and
could be coupled with dimethyl aiiline as usual.
In the opinion of the writer, proper conditions of diazotiza-
tion, even %Tith the use of excess sodiiun nitrite, can only be attained
through training and long practice.
It has been stated that the formation of diazo-amino compovinds
as side-products in minor quantities was due to the incompleteness of
diazotization. In order to decrease the extent of diazo-amino compound^
formation and to increase the yield of diazo compound, it was decided
to have an excess sodium nitrite in the solution at all times during
I
I
Ibl -
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the diazotization. Perhaps an example vdll make this clearer. In the
diazotization of mono-nitro anilines, the amines absorb the nitrite
solution rather readily at the beginning so that about 80 % of the
latter should be added immediately. Toward the end of the diazotization,
j
however, the nitrite solution was added slowly. The presence of free
nitrous acid can be easily traced with Kl-starch paper.
Since loss may be incurred by incomplete diazotization and
filtration with neutral charcoal, a method was devised by -vrfiich the
|
]
diazo solution could be analyzed. This was done by coupling the diazo
solution to a known excess of dimethyl aniline as usual, and back
j
titrating the tmreacted dimethyl aniline in a sodium acetate medixmi
|
with a standard solution of p-sid^onic phenyl-diazo chloride. Since
|
the coupling reactions between dimethyl aniline and the diazo compounds
|
j
concerned are quantitative, the amount of dimethyl aniline obtained in
j
back titration as compared with the initial excess would furnish data
j
necessary to calcu late the percentage yield of the diazo compounds
|
during the process of diazotization.
I
Since the back titrations showed a consistently high yield
|
( over 90 % ) of the diazo compounds in all cases, the coupling periods j
i
recorded were then assumed to be acceptable on a comparative basis, i
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Final Procedure developed from Preliminary E^eriments i
It should be realized that those factors as outlined above
were investigated one at a time. Hence, the results as tabulated in
different tables up to ihis point were only justifiable from the point
of view of their separate effects. They were in no way to indicate
I
that represented' the actual coupling periods of diazo conpoimds as !
can be correlated ona comparative basis. The final procedure was '
developed from a consideration of the above factors.
j
I. For easily diaz> tized amines, including mono-nitro and mono-chloro
I
aniline .
!
^pic al Procedure
|
0.1 mole of p-nitro-aniline
,
together Td.th EOO mis. of v/ater
j
smd 128.2 mis. 1.95 N HCl ( =0= 0.25 mole),was stirred for a few minutes
O 0
at 25° C. Then the solution was cooled with ice to 5 - 10 C. 0*102 mole
|
of NaN02 dissolved in 50 mis. of water was added to the above solution
rapidly at first — about 80 % at once; while the remainder was added
in more slowly
,
an excess of nitrite being always kept present as
shovm by a blue coloration on Kl-starch paper. The excess was maintained
for at least 15 minutes after all the nitrite was added. An instaneous
|
-
-
j,
blue color appeared if excess nitrite was present. Temperature 5 - 10 C.
Five grams of neutral charcoal were added for clarification, and the I
'I
solution filtered. If any excess nitrous acid was present ( as ®ost of
'
all cases did ) , it was decomposed by adding a fairly concentrated |
;!
solution of urea, one drop at a time, imtil the end point was reached
|
blut.
1
when an instantaneous test with Kl-starch paper vras no longer obtained. I
A
I
r.
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( most diazo compounds developed a faint violet color with Kl-starch ).
Then the diazo solution was diluted to about 500 mls», and the tempera- Ij
]
I
ture raised to 25 C. The coupling reaction was carried out by adding
j
from a burette all at once a definite volijme of dimethyl aniline
Ij
corresponding to 0*105 mole. Efficient stirring at a constant speed
( 300 R.P.M, ) was kept at all times during the coupling reaction,
which was continued at 25* C. xmtil no further positive test for diazo
compo\jnd was obtained,when spotted with alkaline H-acid solution,
^
A positive test was a red coloration at the juncture of the two solution^
when they were spotted on a piece of filter paper. On the other hand,
an excess of dimethyl aniline was shown to be present, as a brovmish
^
color appeared at the rim of the spot when touched with a solution of
p-nitro-phenyl-diazo chloride. The coupling period ( in time ) as from
,
I
the beginning to the end of the coupling reaction -vvas measured.
After the coupling reaction was finished , the unreacted
j
dimethyl aniline was back titrated with a ,05 N. solution of p-sulphonic
j
!
phenyl-diazo chloride. The yield of the diazo compound which actually
|
coupled was then calculated, 1
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II. For amines are difficult to be diazotized
a. For dinitro-anilines, using concentrated sulfuric acid .
Typical Procedure
0.102 mole of ¥^102 'vas added slowly to SO'mls. of conc.H2S04,
stirrig continuously. Temperature about 30 c". The solution was heated
up to 60* C, and cooled back to 30*C.( this process was to make nitro-
syl-sulfuric acid). 0.1 mole of 2,4-dinitro-aniline was then added
to the solution. Stirred for 3 hrs. at 30-40*0. At the end of that
time, the solution was poured on to 80 grams of ice. Five grams of
neutral charcoal were added, while stirring, and the solution filtered.
Surrounded with ice, the filtrate was neutralized with an appropriate
amovint of caustic soda ( in a cone, solution ) in order to reduce it
I
to the right acidity. Any NagSO^ that waw precipitated was filtered
and thoroughly washed. The solution was then made up to one liter.
Any excess nitrous acid present was decomposed by urea solution as
|
.
I
usual!, and the temperature raised to 25 C. The couplin'g reaction
was carried out by adding all at once from a burette a volume of
J
dimethyl aniline corresponding to 0.105 mole. The coupling reaction
was continued with stirring at 25^0. until a negative test for diazo '
I
I
compo\nid was obtained v/ith alkaline H-acid. The coupling period (in
time) as from the beginning to the end of the couplig reaction vras
measured.
After the coupling reaction was completed, the unreacted
dimethyl aniline was back titrated with a 0.05 N. solution of p-sulpho-
^
nic phenyl-diazo chloride. The yield of the diazo compound -vdiich i
,
1
actually coupled was then calculated.
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b. For Dichloro-ajiilines, using 20 % hydroohloric acid
Typical Procedure
0.1 mole of 2,4-diohloro-aniline v/as broken up into fine
particles by screening through a 20-mesh sieve, and added to 20 % solu-
tion of HCl. The mixture was heated to 75** C for one and half-hour.
Cooled, with stirring, to 30* C, and added ice until temperature was
below 10* C. The solution was diazotized by adding slovdy 0.102 mole
of NaNOg » which was dissolved in 50 mis. of water. The resulting
diazo solution liras pale yellow, clarified with charcoal, and filtered.
Any excess nitrous acid present was decomposed by ura solution. The
diazo solution was finally made up to 500 mis. The coupling reaction
was carried out as usual by adding all at once 0.105 mole of dimethyl-
aniline, The coupling reaction -was continued with stirring at 25* C.
until a negative test for diazo compound was obtained with alkaline
H-acid. The coupling period ( in time ) as from the beginning to the
end of the coupling reaction was recorded.
After the coupling reaction was completed, the unreacted
dimethyl aniline was back titrated with a 0.05 N. solution of p-sulpho-
nic phenyl-diazo chloride. The yield of the diazo compoxmd -vdiich
actually coupled '.ms calciilated.
Note; The acidity of this procedure for dichloro-anilines
was the same as Procedure I, only a more concentrated solution of HCl
•was used. The results v/ere drectly comparable to those mono-nitro and
mono-chloro anilines as carried out with Procedure I, and no neutrali-
zation ivith caustic soda was necessary.
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Tabulated Data
The following ( Table VI, ) sumnntiarizes the coupling periods
of some substituted phenyl diazo compounds with dimethyl-aniline. Due
consideration has been made for the different factors as outlined in
the preliminary work.
Table VI
Coupling Periods of Substituted Phenyl-diazo Compoxmds with Dimethylaniljjne
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Discussion of Results
An examination of the results as summarized in Table VI.
j
will at once reveal that the coupling periods of substituted phenyl-
diazo compounds under identical conditions are functions of their con- 1
stitution. The dominant factors are the nature and position of the 1
I
I
substituted groups.
^
From the diazo compounds included in this \TOrlc, the nitro [I
group have been observed to impart to their respective diazo compounds i
i
greater coupling strength than chloro groups. Thus, the diazo deriva-
|
I
tives of the mono-nitro anilines have shorter coupling periods than
j
I
those of mono-chloro and di-chloro anilines. Even those derivatives of
j
chloro-nitroanilines, in which a nitro group is present along with
|
a chloro group, the coupling periods were greatly shortened. In this
j
connection, it would also be interesting to note that the influence |
of the nitro group is so overwhelming that the effect of chloro-group
is neglible. This can be seen very clearly by comparing the coupling
periods of the follovdng three compotinds : 2 ,4-dichloro-phenyl-diazo-
chloride 14 hrs., o-nitro-phenyl-diazo^45 mins. ,o-nitro-p-chlo ro -phenyl-
;
diazo chloride 30 mins.. Apparently, tiie substitution of a nitro group
I
instead of a chloro group in the ortho position of 2,4-dichloro-phenyl-
diazo chloride as in the case of o-nitro-p-chl oro-phenyl-diazo chloride
has greatly decreased the coupling period from 14 hrs. to 30 mins.
|
"With regard to the influence exerted by the different positiona|
of these substituent groups in phenyl-diazo compounds, irregularities
|
have been observed. In the series of mono-chloro-phenyl-diazo chlorides,
the order of increasing strength as observed was p-chloro, o-chloro,
j
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,
the difference of
coupling periods as caused by varying positions -was so neglibly small
as cannot be profitably stated* In the series of mono-nitro-phenyl
-
diazo chlorides, the order of increasing strength was p-nitro, m-nitro,
o-nitro. In the series of chloro-nitro-phenyl-diazo chlorides, the
difference due to positions of substituent groups was also small; but
there vr&s an indication that the o-nitro-p-chloro-phenyl-diazo chloride
was a little stronger than p-nitro-o-chloro-phenyl-diazo chloride,
Di-nitro-phenyl-diazo compovind was the strongest of all the above
compounds.
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Sumraary
i
1, Several experimental factors influencing the coupling periods of
|
phenyl-diazo compounds have been carefully investigated
:
|
a. Stirring — An increase in speed of stirring brought about faster
||
coupling*
I
b. Temperature — An increase in temperature hastened the coupling
j
reaction*
.
j
c* Araiaunt of acid present in the coupling bath — The amount of acid
il
present in the coupling bath has caused only a small difference
I
in the coupling period*
'
d* Dilution of the same amoimt of acid Present — A moderate change
j
in the dilution of the acid produced but a very slight change in
the length of the coupling period*
e. Diazo-amino compoxmd formation during diazotization — The diazo-
amino formation during diazotization interfered vriLth the coupling '
I
periods, and was eliminated by filtering the diazo solution vd.th '
neutral charcoal* ^
I
f. Technique in diazotizing the amines — The technique of proper
,
I
diazotization was attained through training and long practice.
The essentials were stated*
|
2* After taking the above factors intoconsideration, the coupling periods
of 11 substituted phenyl-diazo compounds with dimethyl aniline were
measured by using alkaline H-aoid as an indicator*
j
3* These coupling periods arranged in gradation gave the ” relative !
strength of coupling " of these substituted phenyl-diazo compotmds*
j
4* The coupling periods of substituted phenyl-diazo compounds as
I
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carried out in identical conditions were found to be functions of
their constitution. And the dominant constitutional factors were
the nature and position of the substituent groups in their res-
pective compounds.
5. Within the scope of this investigation, nitro groups -.vere found
to impart greater coupling strength to diazo compounds than chloro
groups.
6. With regard to the effect of different positions as occupied by
the substituent groups, irregularities in coupling periods were
observed.
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